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1 Agencies and the Procedure They Follow
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2 Empirical Test of Strategic Play

Our test of strategic play exploits the panel aspect of the data from the New
Jersey Public Employment Relations Commission (PERC), as described in
Section 2, and involves an analysis of pairwise reversals in rankings. If an
employer, for example, ranks arbitrator a over b in one case but arbitrator b
over a in another case, we infer that, under an assumption of stable preferences,
these rankings do not reflect the preferences of the employer and hence that
the employer was strategic.

As should be clear, this test requires an assumption of complete informa-
tion, as maintained above, and an additional assumption of stable employer
preferences for a given employer across cases. Under this assumption, if the
same pair of arbitrators appears in two different cases, then one should always
be ranked above the other by non-strategic players with the same preferences.
Pairwise reversals in rankings would thus provide evidence of strategic behav-
ior.

This test is aided by the fact that the same arbitrators appear repeatedly
in the data. Given that employers occur in multiple cases more commonly
than do unions, we focus our analysis on comparing employer rankings of
arbitrator pairs across multiple cases. Based upon these repeated occurrences
of arbitrators and employers, we found 447 observations in which an employer
had the same two arbitrators in the choice set in two different arbitration cases
and in which the two sets of rankings can be compared.1

One reason that the assumption of stable preferences might be violated
involves learning by employers about the desirability of different arbitrators.
We address this issue by excluding observations in which one of the arbitrators
was assigned to the employer in the period between the two cases. In these
situations, it is reasonable to assume that the employer learns something,
such as the tendency of this arbitrator to side with the employer, from this
experience. Such learning could potentially change the employer’s preferences
over arbitrators in the context of future cases. Of the original sample of 447
observations, we find that one of the arbitrators was assigned to the employer
in 198 observations in the period between the two cases.2 Excluding these
198 observations, we have 249 observations in which the employer had no
interaction with the two arbitrators during the period between the two cases.

1If both arbitrators are vetoed in one (or both) of the two cases, we cannot determine
the relative ranking of these two options in that case, and these observations thus excluded
from the analysis.

2This could be due to the arbitrator being selected in the first of the two cases or in a
separate case during the intervening time period.
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In these cases, we do not expect employers to learn something about the
arbitrator, and we thus assume that employer preferences over arbitrators are
stable in these cases.

consistent reversal

no experience 66.27% 33.73%
experience 56.06% 43.94%

Pairwise reversal of employer rankings by experience with arbitrator

As shown, of these 249 observations, the relative rankings of the two ar-
bitrators switches in around one-third (34 percent) of the observations. The
relative rankings of the two arbitrators is unchanged/consistent in the other
two-thirds (66 percent) of the observations. This finding of a substantial num-
ber of reversals is inconsistent with sincere rankings under the assumption of
stable preferences and suggests that there is some element of strategic play
involved in these rankings.

As noted above, this analysis excludes the observations in which the em-
ployer had some experience with the arbitrator during the period between the
two cases. For comparison purposes, we next present results for this set of
observations. As shown, among the 198 observations with interactions during
the time period between the two cases, we see a somewhat higher switching
rate (44 percent versus 34 percent), and this difference of 10 percentage points
between these two types of cases is statistically significant at the 95-percent
level. This finding of a higher switching rate when the employer had an inter-
action with the arbitrator is consistent with employers learning from working
with specific arbitrators.

As noted above, this test of pairwise reversals requires an assumption of
stable preferences in the two cases. To shed light on the validity of this as-
sumption, we next use information on the time that elapsed between the two
cases. It is reasonable to assume that if preferences are not stable, then more
switching in rankings should occur as the time that elapsed between the two
cases increases.

years between cases consistent reversal

0 83.02% 16.98%
1 67.57% 32.43%
2 64.44% 35.56%
3 57.69% 42.31%
4 60.61% 39.39%
5 62.50% 37.50%
6 61.54% 38.46%
7 60.00% 40.00%
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Pairwise reversal of employer rankings by experience with arbitrator

As shown and focusing on the subset of cases in which the employer had
no interaction with either of the two arbitrators under consideration in the
period between the two cases, switching rates are increasing as the number of
years between the two cases increases. In particular, if the cases occur during
the same year, then reversals occur in around 17 percent of cases. This rate
increases to 32 percent if there is one year between the two cases and to 36
percent if there are two years between the two cases. Beyond two years, the
reversal rates stabilize at around 40 percent.3

This finding of an increase in reversal rates as the elapsed time increases
suggests that the assumption of stable preferences is questionable. On the
other hand, there are still a sizeable fraction of switches, 17 percent, when the
two cases occur during the same year. It seems unlikely that preferences would
change during the same year, especially given that the employer has no inter-
action with the arbitrators in these cases. Thus, while we find some evidence
that preferences are not stable, we continue to see instances of switching in
cases where the assumption of stability is most plausible. Thus, any possible
instability in preferences cannot entirely explain the finding of a substantial
number of switches.

3 SPE Paths for AS and VAOV

3.1 Alternate Strike

Preference Profile 1

Player 1 Player 2
a e
b d
c c
d b
e a

3While there could be up to 11 years between the two cases, the number of observations
is too small to conduct a meaningful analysis when the number of years between the two
cases exceeds seven.
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Subgame-perfect equilibrium paths:

Player Action
1 x ∈ {d, e}
2 y ∈ {a, b}
1 z ∈ {d, e}\{x}
2 w ∈ {a, b}\{y}

Outcome: c

Player Action
2 y ∈ {a, b}
1 x ∈ {d, e}
2 w ∈ {a, b}\{y}
1 z ∈ {d, e}\{x}

Outcome: c

Preference Profile 2

Player 1 Player 2
a b
b a
c c
d d
e e

Subgame-perfect equilibrium paths:

Player Action
1 b
2 x 6= a, b
1 y 6= a, b, x
2 z 6= a

Outcome: a

Player Action
2 a
1 x 6= a, b
2 y 6= a, b, x
1 z 6= b

Outcome: b

Preference Profile 3

Player 1 Player 2
a c
b b
c a
d d
e e

Subgame-perfect equilibrium paths:

Player Action
1 x ∈ {c, d, e}
2 y = a ∨ (x ∈ {d, e} ∧ y ∈ {d, e} \ {x})
1 z = c ∨ (x = c ∧ z ∈ {d, e})
2 (w ∈ {d, e}) ∨ (y ∈ {d, e} ∧ w = a)

Outcome: b
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Player Action
2 x ∈ {a, d, e}
1 y = c ∨ (x ∈ {d, e} ∧ y ∈ {d, e} \ {x})
2 z = a ∨ (x = a ∧ z ∈ {d, e})
1 (w ∈ {d, e}) ∨ (y ∈ {d, e} ∧ w = c)

Outcome: b

Preference Profile 4

Player 1 Player 2
a e
b c
c a
d b
e d

Subgame-perfect equilibrium paths:

Player Action
1 x ∈ {c, e}
2 y 6= x, a
1 if y /∈ {c, e}\{x} then z ∈ {c, e}\{x}

otherwise, z ∈ {b, d}
2 w 6= a

Outcome: a

Player Action
2 x 6= a
1 (x ∈ {c, d, e} ∧ y ∈ {c, d, e} \ {x})

∨ (x ∈ {b, c} ∧ y ∈ {b, c} \ {x})
2 z 6= x, y, a
1 w 6= x, y, z, a

Outcome: a

3.2 Voting by Alternating Offers and Vetoes

Preference Profile 1

7



Player 1 Player 2
a e
b d
c c
d b
e a

Subgame-perfect equilibrium paths:

Player Action
1 x ∈ {a, b, c}
2 yes if x = c

otherwise: no, y ∈ {c, d, e}
1 yes if y = c

otherwise: no, z ∈ {a, b, c}\{x}
2 yes if z = c

otherwise: no, w ∈ {c, d, e}\{y}
1 yes if w = c

otherwise: no, c
Outcome: c

Player Action
2 x ∈ {c, d, e}
1 yes if x = c

otherwise: no, y ∈ {a, b, c}
2 yes if y = c

otherwise: no, z ∈ {c, d, e}\{x}
1 yes if z = c

otherwise: no, w ∈ {a, b, c}\{y}
2 yes if w = c

otherwise: no, c
Outcome: c

Preference Profile 2

Player 1 Player 2
a b
b a
c c
d d
e e

8



A sequence of actions is a SPE iff:

1. Outcome is first mover’s top ranked option

2. In the first move of the game, the player who starts does not offer any
of the top ranked options

3. The player who moves second does not reject his top option when offered.

Preference Profile 3

Player 1 Player 2
a c
b b
c a
d d
e e

The following are all the possible SPE plays when player 2 moves first:

2 1 2 1 2
b yes
c no, b yes
c no, a no, b yes
c no, a no, z ∈ {d, e} no, b yes
c no, a no, z ∈ {d, e} no, w ∈ {d, e} \ {z} no, b
c y ∈ {d, e} no, z ∈ {d, e} \ {y} no, b yes
c y ∈ {d, e} no, z ∈ {d, e} \ {y} no, a no, b

x ∈ {d, e} y ∈ {d, e} \ {x} no, b yes
x ∈ {d, e} y ∈ {d, e} \ {x} no, c no, b yes
x ∈ {d, e} y ∈ {d, e} \ {x} no, c no, a no, b

Preference Profile 4

Player 1 Player 2
a e
b c
c a
d b
e d

A sequence of actions is a SPE iff

1. It ends with a if 1 moves first and c if 2 moves first

9



2. There are at least 2 rounds of proposals

3. Must start with d

Player Action
1 d
2 no, offer anything but b
1 accept if a, otherwise reject and offer a or b
2 accept if a, reject if b and offer anything from what remains
1 accept only if a, otherwise reject an offer a

Outcome: a

Player Action
2 d
1 no, offer anything but e
2 accept if c, otherwise reject and offer c or e
1 accept if c, reject if e and offer anything from what remains
2 accept only if c, otherwise reject an offer c

Outcome: c

10



4 Sample of Instructions for the Experiment
Interactive decision-making

The Game:

This is an experiment in interactive decision-making. By participating in this experiment, you will win a show-up
bonus of $10 plus a prize that depends upon the choices that you and other participants make.

The experiment consists of 40 rounds. In each round the computer will randomly match you to another
participant and both of you will play the game described below. The outcome of this game is a selection of a
single option from a list of five, labeled a,b,c,d,e. 

In each round, each of the five options will be assigned a dollar value. One option will be worth $1.00, a second
option will be worth $0.75, a third option will be worth $0.50, a fourth option will be worth $0.25 and a fifth will
be worth $0.00. At the beginning of each round, you will be told what dollar value you assign to each of the
options, as well as what dollar value the other player assigns to each of the options. The table below shows a
possible configuration of values for you and the other player (the values in the experiment itself) : 

 You
Other
Player

$1.00 d c
$0.75 b a
$0.50 a e
$0.25 e b
$0.00 c d

Similarly, the participant you are matched with will also be shown the values that both he and you assign to
each option. In other words, both you and the participant you are matched with will see the same table as the
one shown above.

The 40 rounds will be divided into four stages consisting of 10 rounds each (such that stage 1 consists of
rounds 1-10, stage 2 consists of rounds 11-20, stage 3 consists of rounds 21-30 and stage 4 consists of
rounds 31-40). In each stage, half of the participants will be randomly chosen to belong to group A and the
other half will belong to group B. The participants belonging to the same group will have the same assignment
of money to options. In each of the 10 rounds of a stage, the participants of one group will be randomly
matched to the participants in the other group. Thus, in each stage of 10 rounds, the values you assign to
each option and the values of your matched participant will remain unchanged. 

At the beginning of each stage you will be shown a message that announces the start of a new stage. This
message will alert you to the fact that the values of the options for you and the other player may be different
from what they were in the previous stage. As in every round, these values will be displayed on the screen.

Your total payoff in the entire experiment will equal the sum of payoffs across all 40 rounds plus a show-up
bonus of $10. 

Your payoff in each round will be displayed on the top right of the screen. 

We now describe the rules of the game that you will play in each of the 40 rounds. These rules determine
which option is selected at the end of the round.

In each round, one of the two participants who are matched to play the game, is randomly selected to be
Player 1 (the other participant is then Player 2). This means that each of the two participants has an
equal chance of being selected as Player 1. This also means that each participant may be in the role of

11



Player 1 on some rounds and in the role of Player 2 on other rounds.

The game proceeds in two steps

Step 1: Player 1 moves first and selects a shortlist of three distinct options out of a,b,c,d,e.

Step 2: Player 2 is informed of Player 1's shortlist, and chooses the final option out of it. 

To illustrate these rules, here is a simple example.

Suppose that in a particular round with payoffs as listed in the table above, you have been selected to be
Player 1, while the other participant you are matched with had been selected to be Player 2. Suppose that the
following actions have been chosen 

Player 1 (You) moves first and selects the shortlist a, c, d.
Player 2 (the other participant you are matched with) moves second and chooses c out of a, c, d.

This round thus ends with c being selected. You thus receive a payoff of $0 for this round, while the participant
you are matched with receives a payoff of $1.

 

Quiz:
To confirm whether you understood the rules of the game, please answer the following question.
Assume that the values you assign to each option are as follows: 

 You
$1.00 c
$0.75 e
$0.50 d
$0.25 b
$0.00 a

Question 1. Suppose that in a particular round, players choose the following actions.

Player 1 moves first and selects the shortlist a, c, e.
Player 2 moves second and selects c out of the shortlist a, c, e.

(a) Which option will be selected?

a
b
c
d
e

(b) What will your payoff be? 
$1.00
$0.75
$0.50
$0.25
$0.00

Question 2. Suppose that in a particular round, the participant you are matched was selected to be Player 1,
and selected the shortlist b, d, e.

12



(a) Suppose that you selected the option d out of the shortlist. What will your payoff be?
$1.00
$0.75
$0.50
$0.25
$0.00

(b) Suppose that you selected the option e out of the shortlist. What will your payoff be? 
$1.00
$0.75
$0.50
$0.25
$0.00

 

Click to send your answers to the quiz  
 

  

Site Programming and Design  Possible Worlds Ltd. 
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5 Observed Outcomes

Profile Procedure a b c d e ab ac bc abc other

Pf1

AS
early .02 .11 .78 .08 .02
late .00 .06 .91 .04 .00

pooled .01 .08 .84 .06 .01

SL
early .05 .06 .79 .07 .04
late .03 .03 .87 .05 .03

pooled .04 .04 .83 .06 .03

VAOV
early .04 .05 .81 .06 .04
late .00 .04 .92 .05 .00

pooled .02 .04 .86 .05 .02

VR
early .07 .09 .54 .08 .06 .02 .01 .02 .00 .10
late .03 .05 .87 .01 .01 .00 .01 .01 .01 .02

pooled .05 .07 .70 .05 .03 .01 .01 .02 .00 .06

Pf2

AS
early .44 .36 .15 .04 .01
late .42 .43 .14 .01 .00

pooled .43 .39 .15 .02 .01

SL
early .50 .48 .03 .00 .00
late .46 .51 .01 .02 .00

pooled .48 .50 .02 .01 .00

VAOV
early .47 .48 .03 .02 .01
late .56 .39 .03 .02 .00

pooled .51 .44 .03 .02 .00

VR
early .24 .47 .02 .01 .01 .20 .02 .00 .03 .01
late .19 .43 .05 .03 .00 .23 .02 .03 .02 .01

pooled .21 .45 .03 .02 .00 .21 .02 .01 .03 .01

Pf3

AS
early .09 .79 .08 .04 .01
late .05 .85 .06 .03 .01

pooled .07 .82 .07 .03 .01

SL
early .25 .31 .35 .10 .00
late .41 .25 .23 .10 .02

pooled .32 .28 .29 .10 .01

VAOV
early .19 .71 .09 .01 .00
late .06 .84 .07 .01 .02

pooled .12 .77 .08 .01 .01

VR
early .08 .38 .11 .06 .03 .10 .00 .11 .11 .01
late .16 .38 .11 .08 .04 .07 .00 .03 .11 .01

pooled .12 .38 .11 .07 .03 .08 .00 .07 .11 .01

Pf4

AS
early .51 .09 .32 .03 .06
late .51 .11 .33 .05 .01

pooled .51 .10 .32 .04 .03

SL
early .40 .04 .45 .06 .07
late .48 .02 .46 .04 .00

pooled .45 .03 .45 .05 .03

VAOV
early .46 .09 .40 .03 .02
late .47 .05 .29 .06 .13

pooled .46 .07 .34 .05 .07

VR
early .37 .08 .30 .07 .01 .01 .10 .04 .01 .02
late .41 .12 .18 .06 .02 .02 .12 .03 .01 .04

pooled .39 .10 .24 .06 .01 .01 .11 .03 .01 .03

1
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6 Comparison in Terms of Efficiency and MST

The following table reads as follows. t1, t2, t3 and t4 represents the four dif-
ferent procedures: VR, AS, VAOV, and SL. ti − tj represents the difference
of percentage of outcomes that violated the criterion on that line. So, for
instance, the coefficient of 0.087 for Eff - Pf2 in the column t2 − t1 means
that we observed an additional 8.7% of inefficient outcomes is AS compared
to VR for the preference profile Pf2. The p-values are probabilities testing
whether that number is significantly different from zero (bilateral test). Tests
of significance take into account correlation across rounds.

Eff - Pf2 t2-t1 t3-t1 t4-t1 t3-t2 t4-t2 t4-t3
Coef. 0.087 -0.036 -0.056 -0.123 -0.143 -0.020
Std. Err. 0.021 0.017 0.015 0.019 0.018 0.013
t 4.170 -2.150 -3.650 -6.450 -7.960 -1.600
P>|t| 0.000 0.033 0.000 0.000 0.000 0.112
Eff - Pf3 t2-t1 t3-t1 t4-t1 t3-t2 t4-t2 t4-t3
Coef. -0.082 -0.098 -0.013 -0.016 0.069 0.085
Std. Err. 0.019 0.018 0.023 0.010 0.017 0.016
t -4.320 -5.360 -0.570 -1.620 4.050 5.240
P>|t| 0.000 0.000 0.567 0.108 0.000 0.000
Eff - Pf4 t2-t1 t3-t1 t4-t1 t3-t2 t4-t2 t4-t3
Coef. -0.052 -0.070 -0.119 -0.018 -0.067 -0.049
Std. Err. 0.024 0.024 0.023 0.019 0.018 0.019
t -2.140 -2.870 -5.080 -0.940 -3.700 -2.640
P>|t| 0.034 0.005 0.000 0.347 0.000 0.009
MST - Pf1 t2-t1 t3-t1 t4-t1 t3-t2 t4-t2 t4-t3
Coef. -0.109 -0.132 -0.091 -0.023 0.018 0.042
Std. Err. 0.033 0.033 0.034 0.023 0.025 0.025
t -3.270 -4.010 -2.640 -1.010 0.730 1.700
P>|t| 0.001 0.000 0.009 0.312 0.466 0.092
MST - Pf2 t2-t1 t3-t1 t4-t1 t3-t2 t4-t2 t4-t3
Coef. 0.000 -0.008 -0.016 -0.008 -0.016 -0.008
Std. Err. 0.010 0.009 0.008 0.009 0.009 0.007
t -0.010 -0.860 -1.890 -0.800 -1.760 -1.150
P>|t| 0.991 0.390 0.060 0.425 0.080 0.250
MST - Pf4 t2-t1 t3-t1 t4-t1 t3-t2 t4-t2 t4-t3
Coef. -0.044 -0.026 -0.112 0.019 -0.068 -0.087
Std. Err. 0.023 0.027 0.023 0.023 0.018 0.023
t -1.950 -0.950 -4.860 0.800 -3.720 -3.700
P>|t| 0.053 0.342 0.000 0.423 0.000 0.000

We did not include a line for Eff - Pf1, because each outcome is efficient in
Pf1, since preferences are completely opposed. We did not include a line for
MST - Pf3, because numbers are identical to Eff - Pf3. Finally, numbers for
Eff+MST corresponds to numbers of MST for Pf1 and Pf4, and to numbers
of Eff for Pf2 and Pf3.

15



7 Difference of Behavior in Early vs. Late

Rounds

The following table gives for each dynamic procedure and each profile of pref-
erences the percentage of matched pairs that behave in a way that is consistent
with backward induction in the earlier rounds (1-10 for Pf1 and Pf4, and 10-
20 for Pf2 and Pf3) vs. later rounds (20-30 for Pf2 and Pf3, and 30-40 for
Pf1 and Pf4). The column on differences represent the percentage in later
rounds minus the percentage in earlier rounds. Significance tests are bilateral
tests for whether this difference is non-zero in a way that is statistically sig-
nificant.

Procedure Profile SPE-early SPE-late Difference St. Error t P > |t|

AS

Pf1 .77 .91 .14 .03 4.43 0
Pf2 .25 .51 .26 .06 4.61 0
Pf3 .77 .84 .07 .04 1.59 .12
Pf4 .50 .49 -.01 .04 -0.25 .80

VAOV

Pf1 .81 .91 .10 .03 3.27 0
Pf2 .76 .77 .01 .04 0.25 .80
Pf3 .68 .78 .11 .04 2.71 .01
Pf4 .27 .43 .16 .06 2.89 .01

SL

Pf1 .78 .87 .10 .04 2.50 .01
Pf2 .65 .83 .18 .05 3.88 0
Pf3 .43 .49 .06 .06 0.90 .37
Pf4 .46 .84 .38 .04 8.76 0

1
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